In this contribution an accurate average bit error rate (BER) formula is derived for Rayleigh-faded MC-DS-CDMA in the context of asynchronous transmissions and random spreading sequences. Our analysis is based on the characteristic function and does not rely on any assumption concerning the statistical behavior of the interference. We develop a new closed-form expression for the conditional characteristic function of the inter-carrier interference and require only a single integration for the associated BER calculation. The accuracy of the standard Gaussian approximation (SGA) techniques is also evaluated.
Introduction
Multi-Carrier Code Division Multiple Access (MC-DS-CDMA) [1, 2] constitutes a particularly attractive design alternative for next-generation wireless communications, since it has numerous reconfigurable parameters, which may be adjusted for the sake of satisfying diverse design goals. The Bit-Error Rate (BER) is considered to be one of the most important performance measures for communication systems and hence it has been extensively studied. The multiple access interference (MAI) and the inter-symbol interference (ISI) also affect the attainable performance of MC-DS-CDMA systems. Additionally, the MC-DS-CDMA system's performance is also affected by the inter-carrier interference (ICI). When analyzing the BER performance of MC-DS-CDMA systems, the interference source, namely, the MAI, the ISI and the ICI are commonly assumed to be Gaussian distributed [1, 4] . However, the accuracy of the Gaussian approximation technique depends on the specific configuration of the system. It is widely recognized that the Gaussian approximation techniques become less accurate, when a low number of users is supported or when there is a dominant interferer, creating an near-far-scenario [5] .
Therefore the employment of accurate BER analysis dispensing with the previous assumptions concerning the distribution of the interfering sources is desirable. In order to avoid the limited accuracy of the Gaussian approximation of the interference, the BER can be calculated in the transform domain. More specifically. two widely used transforms of the decision variable's Probability Density Function (PDF) are its Fourier and Laplace transforms, corresponding to the characteristic function (CF) and the moment generating function (MGF), respectively. The basic philosophy of exact BER calculation is that first the CF or MGF of the decision variable is derived, then an associated inverse transform is performed for calculating the BER, as detailed for example in [6] . Since the decision variable can be exactly characterized by its CF or MGF, the BER can be accurately evaluated via numerical integration techniques. For this reason, CF-and MGF-based methods have received considerable attention. The CF method was used to study the BER performance of DS-CDMA using random sequences in both Rayleigh [6] and Nakagami-fading [7] channels. A saddle point integration-based MGF approach was proposed for computing the error probability of DS-CDMA systems communicating over both Rician [8] and Nakagami-fading [9] channels. This approach has been applied for studying the performance of MC-DS-CDMA systems using deterministic spreading sequences [10] . However, to the best of the authors' knowledge, the accurate BER analysis of asynchronous Rayleigh-faded MC-DS-CDMA using random sequences is still an open problem. Hence in this paper, we will derive an accurate BER formula for Rayleigh-faded MC-DS-CDMA in the context of asynchronous transmissions and random spreading sequences. Our analysis is based on the CF, and does not rely on any simplifying assumptions concerning the statistical behavior of the interference. A new closed-form expression, rather than an integral [10] is derived for the conditional characteristic function of the inter-carrier interference.
